Introduction: Flow cytometry is a useful tool for diagnosis and minimal residual dis-
| INTRODUCTION
Over the past decades, multiparameter flow cytometry has become the method of choice for the differential diagnosis of several hematological diseases, for the definition of prognostic factors, and for the identification of rare cell populations in peripheral blood (PB) and bone marrow samples (BM).
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Flow cytometry, through the presence or absence of specific sur- Sample preparation is a key phase to prevent nonspecific bindings or artifacts. Washing samples with a saline solution added with albumin before staining or treating them with Fc-block reagents reduce interferences in antibody binding.
8
A large number of guidelines suggest as standard preparation protocols for the immunophenotype study the stain-lyse-wash (SLW)
methods to obtain best signal discrimination. [9] [10] [11] [12] [13] [14] [15] [16] [17] However, many reports on minimal residual disease (MRD) studies by flow cytometry 18-22 recommend a bulk lysis of the sample, which consists on the lysis of a high number of cells in PB or BM samples followed by washing and staining to increase sensitivity.
In this study, we compared the mean fluorescence intensity (MFI), stain index, signal-to-noise ratio, and percentages of positive cells tested with 104 surface antibodies before (SLW) and after lyse and wash (LWSW). Moreover, we compared the above-mentioned parameters with 13 selected antibodies used to identify monocyte and lymphocyte subpopulations.
| MATERIALS AND METHODS

| Samples collection
From August 2015 to January 2016, a total of 15 PB and 5 BM samples, collected in vacutainers containing EDTA (Becton Dickinson (BD)
San Josè, California, USA), were obtained from patients sent to our laboratory for routine flow cytometry analysis and tested.
| Ethics statement
The data collection and additional analyses, such as statistical tests, were performed anonymously. This study was carried out in accordance with Declaration of Helsinki and subsequent amendments. To compare the 2 preparation methods, the same amount of antibodies was employed, and the same compensation was applied.
The 104 antibodies were studied as single reagent in a total of five BM and five PB samples for one replicate for each reagent. Their fluorochromes, clones, manufacturers, and SLW/LWSW MFI ratio are reported in Table 1 .
A 100.000 total events for each sample were acquired with Navios flow-cytometer Beckmann Coulter (BC) and data analysis was per- In the analysis, the first step was to select white blood cells without debris by a FSC/SSC dot plot. The population well separated by all other cells, with a positive signal for an antigen (more than 10log of positivity), is selected as described in Figure 1 .
The arithmetic MFI of each event for a given antibody was calculated by Kaluza software after the selection of the positive cell population.
Signal-to-noise ratio was calculated as follows: MFI of positive peak/MFI of negative peak and stain index as (MFI of positive peak -MFI of negative peak)/2*standard deviation of negative peak.
| Statistical analysis
Differences between means were studied by T test; correlation between results was assessed by Pearson product-moment correlation coefficient, and agreement between two methods was determined by
Bland-Altman plot. Signal-to-noise ratio and stain index were higher in SLW than LWSW samples (59.8 vs 41.7 P < .001, 24.4 vs 17.8 P = .001, respectively).
| RESULTS
Means
Means of debris obtained by SLW (31.8%) and LWSW (19.3%)
were significantly different P < .001) (Figure 4 ).
Analysis of 13 selected antibodies tested in 10 samples showed:
• no statistical significant differences in the percentages of positive cells;
• higher MFI for CD3 (means: 30.6 vs 23.6 P < .01) in SLW than LWSW samples and for HLA-DR (means: 12.3 vs 27.1 P < .05), CD16 + 56 (means: 74.4 vs 123.6 P < .01) in LWSW than SLW samples;
• higher signal-to-noise ratio in SLW samples for CD45 (means: 51.6 vs 36.6 P < .05), CD3 (means: 230.8 vs 36.9 P < .05), CD19 (means:
92.8 vs 46.8 P < .01), and CD10 (means: 49.7 vs 20.6 P < .01);
• higher stain index in SLW than LWSW samples for CD3 (means:
57.9 vs 20.2 P < .01), CD19 (means: 30.1 vs 20.9 P < .01), and CD10 (means: 28.4 vs 14.81 P < .01);
• higher MFI, stain index, and signal-to-noise ratio in LWSW samples for surface kappa and lambda chains (means MFI: kappa LWSW 18.9 vs kappa SLW 7.4 P < .05; lambda LWSW 30.8 vs lambda SLW 2.1 P < .01; means stain index: kappa LWSW 8.8 vs kappa SLW 4.2 P < .01; lambda LWSW 14.6 vs lambda SLW 7.6 P < .05, means signal-to-noise ratio: kappa LWSW 22 vs kappa SLW 7.6 P < .05; lambda LWSW 33.3 vs lambda SLW 12 P < .05).
| CONCLUSION
Different methods to prepare samples for flow cytometry analysis have been described in a high number of study groups, and the SLW method is considered the standard one, because it provides the best signal output. However, in the antigen-antibody interactions, some difficulties can occur for the interactions with similar epitopes or for the interferences of different cells of immune system that can bind the Fc with a specific Fc-receptor. 7 A solution for this problem, in particular for the study of surface kappa and lambda chains, is offered by some study groups that recommended the sample washing with PBS added with BSA to remove interfering free extracellular immunoglobulins 23 or to avoid artifacts of cytophilic antibodies. Despite the high concordance of MFI between the two methods, the signal-to-noise ratios and the stain indexes obtained, confirmed that SLW gave the best signal discrimination as reported by some guidelines [9] [10] [11] [12] [13] [14] [15] [16] [17] and that the expression of kappa and lambda surface immunoglobulins became brighter after sample washing.
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However, to achieve a high sensitivity for MRD evaluation, LWSW should be performed as suggested by the Euroflow consortium.
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We suggest the use of LWSW also in samples from newly diagnosed patients because, despite differences in stain index and signalto-noise ratio, the percentages of positive cells were similar in the two Percentage of debris methods. Moreover, the use of the same method to stain cells from a patient at diagnosis and throughout the follow-up is recommended, to obtain more comparable cell parameters. Finally, LWSW, through the sample wash before the staining, prevents artifacts which may occur also in fresh samples and allows to acquire a higher number of useful events by reducing cell debris.
